The authors performed a critical literature review to find evidence of the long-term stability after early distraction osteogenesis of the mandible in patients with hemifacial microsomia. Methods: The PubMed, Cochrane, MEDLINE, EMBASE, CENTRAL, and CI-NAHL databases were searched systematically for studies performed between 2002 and 2008. Abstracts from the 89 relevant articles were reviewed for evidence. Results: Thirteen articles met the inclusion criteria. Data were tabulated with respect to the length of follow-up, number of patients, age group, Pruzansky-Kaban classification of the patients, methods of analysis and validation, and level of evidence. Methods for long-term follow-up studies were not standardized, and no objective studies have been published on stability after growth cessation. Conclusions: Thus far, no randomized controlled trials on early distraction osteogenesis in hemifacial microsomia patients have been published. The authors conclude that there is a lack of statistical evidence to support the use of early distraction osteogenesis for correcting hemifacial microsomia as a single treatment modality. The results call into question its rationale. (Plast.
S
ince 1992, 1 distraction osteogenesis has been considered an effective and safe technique for increasing mandibular dimensions in young patients with hemifacial microsomia. [2] [3] [4] [5] [6] [7] In 2002, a literature overview was published on the longterm results of early osteodistraction in hemifacial microsomia. 8 It was concluded that, to achieve a better understanding of the growth potential after osteodistraction, prospective growth studies were needed that would include adequate numbers of patients with comparable abnormality, treatment, and follow-up until after growth cessation using a standard protocol for three-dimensional evaluation.
For the past 5 years, osteodistraction has been a major tool in the management of hemifacial microsomia. 9 We performed a systematic review of the literature to summarize the results of follow-up studies and to determine the long-term stability of mandibular dimensions after early osteodistraction (performed before skeletal maturity; aged 16 years or younger at the time of distraction 8 ) in patients with hemifacial microsomia.
MATERIALS AND METHODS

Search Strategy
The following databases were searched: We focused on two aspects: (1) terms to search for the surgical intervention of interest and (2) terms to search for the congenital deformity of interest.
Free text words and MeSH terms were used. The heading sequence (((("Osteogenesis, Distraction-"[Mesh])) OR ((distraction osteogenesis OR distrac-tion OR osteodistraction OR osteogenic distraction)))) AND ((( 
Inclusion Criteria
We included prospective and retrospective case series of infants and adolescents, not older than 16 years of age, who had undergone singlestage, early unilateral osteodistraction of the mandible for correction of hemifacial microsomia or its equivalents, and follow-up for a duration longer than the active distraction phase.
Data Extraction
Methodologic quality was assessed independently by two observers (K.N. and M.Y.M.). First, the abstracts were reviewed without considering the number of patients. Reports on bilateral craniofacial dysmorphology (no asymmetry) and case reports (low level of evidence 10 ) were excluded. Articles that fulfilled the inclusion criteria or of which the abstract was lacking information were obtained as full-text articles. Second, full-text articles were reviewed according to the inclusion criteria. If there were individuals in the studies who did not fulfil our criteria, they were not included. This was necessary because in some studies, 11 different facial asymmetries were included under the name of hemifacial microsomia (i.e., temporomandibular joint ankylosis). If a publication failed to present objective information on all patients, only those whose data were provided were included. Reference lists for each selected publication were hand-searched. In case of multiple publications from the same group or in case of inconsistencies, the authors were contacted to obtain additional information.
RESULTS
Thirteen articles
2,12-23 were found to meet the inclusion criteria (Fig. 1) . The relevant information from these articles is summarized in Tables 1 through 7 .
Length of Follow-Up Period
The lengths of follow-up were variable ( Table  1) . The mean follow-up was 4 Ϯ 3.5 years (range, 0.5 to 12 years). 19 Most studies had follow-up periods ranging from 3 to 5 years or less. 12,13,15-18,20 -22 
Number of Patients
Some studies also included abnormalities other than hemifacial microsomia. 15, 17, 20 The mean number of patients with genuine hemifacial microsomia in the individual studies was 8.8 Ϯ 7.6, varying between 1 and 28. The sum of all genuine hemifacial microsomia patients in the studies was 115 (Table 1) .
Age Group of Patients
The age of patients ranged from 1.5 to 16 years; the mean age at the time of distraction was 7.8 Ϯ 2.6 years. Only one study 12 included patients in the same dentition phase (Table 1) .
Pruzansky-Kaban Classification
Three studies did not provide the PruzanskyKaban type of the deformity 15, 16, 23, 24 ; three included patients of the same type. 12, 17, 20 All other studies included a mixed series, with the majority being type IIa ( Table 2) .
Methods of Analysis
The majority of the studies used linear and angular measurements on lateral and anteroposterior cephalograms to quantify the asymmetry. 2, 15, 17, 19, 22 One study 13 included three-dimensional measurements and provided quantitative results on volumetric changes of the skeletal and soft-tissue structures. Two studies based the results only on clinical evaluation (Table 3) . 18, 20 
Methods of Validation and Reliability
None of the studies validated the measurement methods (Table 4) . Three studies quantitatively analyzed the reliability of the measurements. 16, 21, 23 The Dahlberg formula for intraobserver reliability was used twice. 16, 23 One study 21 discussed acceptable intraobserver reliability, without further specification of the analysis. Ko et al. 17 retraced randomly selected cephalograms for error determination without reliability analysis. Shetye et al. 22 used parallel tracings by two investigators to reach consensus in case of differences.
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Evidence-Based Medicine Level
Each study was a case series (Table 4) . Seven were prospective 12,13,16 -18,21,23 and six were retrospective. 2, 14, 15, 19, 20, 22 Drs. Jansma and Molina have been contacted to verify the nature of their studies. According to the classification of the Oxford evidence-based medicine database (Centre for Evidence-Based Medicine, Oxford, United Kingdom, http://www.cebm.net/index. aspx?oϭ1025), all studies were on level IV.
Surgical Outcomes
Seven studies concluded that stable results had been achieved at the end of the follow-up period. 2,12,14,18 -20,22 Six studies reported unstable results regarding facial symmetry, especially affecting ramus height (Table 5) . 13, [15] [16] [17] 21, 23 Nine studies 2,13,15-17,20 -23 distinguished between relapse of the regenerate and reappearance of facial asymmetry; four 12, 14, 18, 19 made no such differentiation (Table 6 ). (Table 7) . Most studies provided no data on complications.
DISCUSSION
Surgical correction of a complex craniofacial malformation should be based on satisfactory evidence, 26 -31 even if it is safe, simple, and effective and reduces morbidity. 17 This especially pertains to young patients. 19, 32 A hierarchy of clinical evidence has been well established, with meta-analyses being at the top of the evidence-based medicine pyramid. 33 Unfortunately, the 2002 8 and current summaries of long-term studies on the effectiveness of early osteodistraction in hemifacial microsomia showed that these were all noncomparative observational case series, being on the second to last level in the hierarchy of clinical research. 33 To the best of our knowledge, there has been no study published on early osteodistraction that followed the patients until growth cessation (Table 1) . Hemifacial microsomia is the second most common facial birth disorder after cleft lip and palate, 34 with a prevalence of one in 3500 to 5600 live births. 35, 36 Accepting these data, the number of patients in the studies was low. Major centers included less than 30 patients with hemifacial microsomia in their series (Table 1) . In a series of 27 patients, there was only one with genuine hemifacial microsomia; the others had secondary asymmetries.
11 Molina 19 did not specify the number of patients with 12 years of follow-up, and data were presented for only four patients with congenital hemifacial microsomia. Only 115 documented patients with hemifacial microsomia treated by osteodistraction were included in the follow-up studies, suggesting that these are underpowered. 33 The designs of the follow-up studies were not flawless either. None of the studies differentiated between patients according to their dentition phase ( Table 1 ). The majority failed to differentiate surgical outcomes between patients with different Pruzansky-Kaban types of hemifacial microsomia (Table 2 ). This is important because, in patients with a severe or moderate deformity, osteodistraction would necessitate additional operations. 19 Type IIb and III mandibles showed more relapse and little ramus height growth. 2 Comparison of the results of the follow-up studies is difficult because different analysis methods were used ( Table 3 ). The three-dimensional facial asymmetry in hemifacial microsomia was evaluated almost exclusively using two-dimensional methods. Only one study 13 used volumetric measurements. Ramus height was used most frequently to evaluate asymmetry. Subjective com- 19 and angular 21 and linear measurements of ramus height on frontal 14, 16 and lateral cephalograms 2, 15, 17, 22 were all in use. It was hypothesized that the volume of the soft tissues of the affected side increases after distraction in hemifacial microsomia. 37, 38 However, the only study that used volumetric evaluation showed no improvement of the soft-tissue deficiency on the affected side. 13 The validity and reliability of the methodology play important roles in the clinical applicability of medical studies. 33 A valid measure is one that measures what it is supposed to measure; a reliable measure is one that gives a similar result when applied repeatedly. In the follow-up studies, there was no validation of the measurements describing facial symmetry (Table 4) , and only three studies provided information on reliability. 16, 21, 23 Each study based the effectiveness of osteodistraction on the long-term stability of mandibular dimensions. Even accepting the shortcomings of the study designs and evaluation methods, none of the studies showed convincing stability. Although more than 50 percent of the studies concluded stable results at the end of the follow-up period, 2,12,14,18 -20,22 these could only prove shortterm stability 12 or used a nonobjective evaluation method. 18, 20 Type IIb and III deformities were admitted to show relapse 2 or "occlusal disaster" with need for reoperation. 19 Even clinically stable results showed measurable relapse. 22 Objective evaluation showed unpredictable stability of facial symmetry in the long-term, especially of the affected ramus height. 13, [15] [16] [17] 21, 23 The only three-dimensional study reported general relapse with progressive deterioration over a 3-year period. 13 To evaluate the long-term outcome of distraction osteogenesis in hemifacial microsomia, one has to differentiate between relapse and reappear- and some did not. 12, 14, 18, 19 Relapse in the regenerate was seen in the majority of the studies using reliable evaluation (Table 6). Three-dimensional volumetric analysis of mandibular bone stock after distraction osteogenesis showed resorption of the regenerate in five of eight cases after 1 year and in all cases after 3 years. 13 Previous studies have also shown loss of the gained increase in mandibular dimensions, 48, 49 calling this "settling" of the regenerate. 48 Intrinsic mandibular growth retardation and pattern in hemifacial microsomia were well-debated issues before the era of osteodistraction. 8 Some studies and clinical observations concluded that the affected and unaffected sides were not developing at the same rate. 34,39 -42 According to these, midfacial development at the affected side is hindered, resulting in progressive asymmetry. Early mandibular reconstruction would then allow maxillary skeletal and dentoalveolar development, obviating or decreasing the need for more surgery later. Some authors claimed the opposite, that the growth rate of both sides is equal and that the malformation is not progressive, contending that the mandibular asymmetry should be addressed in adolescence. [43] [44] [45] [46] [47] [48] [49] Reviewing these studies, we notice that proponents of nonprogression are on more solid ground. 
-47
There are only three objective prospective radiographic studies that review the issue of progression. [44] [45] [46] All concluded that there was no progression of the facial asymmetry and the growth rate of the affected and nonaffected sides was similar. All patients in these studies were and remained untreated, and no attempts were made to correct the asymmetry of the jaws and dentition during the follow-up period.
Studies claiming the progressive nature of deformity in hemifacial microsomia were cross-sectional without follow-up, 50 retrospective, 25,40 -42,51 or compared the deformational severity in patients of different ages and grades. 52 A drawback of these studies is that they included patients who underwent surgical correction before the final examination (distractional or nondistractional). 25,40 -42,50,51 These authors describe a difference in growth rate 25,40 -42,51 but actually fail to differentiate between intrinsic and secondary, iatrogenic growth retardation on the affected side. Some studies documented that a type III deformity shows more growth retardation at the operated side than a type I deformity, 2,19,25,40 -42,51 concluding that progression was related to the severity of the deformity, but it may also be related to the extent of the surgery required.
For believers in the progressive nature of hemifacial microsomia, early surgery was imperative even before osteodistraction was introduced. 40, 50 The surgical modalities for mandibular reconstruction (combined with orbitozygomatic reconstruction) were interpositional cranial bone or costochondral grafting, lyophilized rib cartilage, or microvascular tissue transfer. 40, [53] [54] [55] Although mandibular symmetry and occlusion could be improved by costochondral grafting, follow-up studies showed more stability when this was performed at a later age. 41 Conventional reconstruction in type IIB and III patients before skeletal maturation often required a second elongation. 40 Repeated osteodistraction was reported to be necessary to maintain facial symmetry during growth. 51,56 -58 This demonstrates that any gain in mandibular dimensions after early osteodistraction in hemifacial microsomia was not stable, whether attributable to relapse or to growth impairment. The reappearance of facial asymmetry after early distraction osteogenesis has introduced the concept of overcorrection. 2,3,12,19,56 -58,62-65 Theoretically, overcorrecting the deformity in infancy would compensate for the effect of relapse or faster growth rate of the nonaffected side. 22,25,40 -42,56 -58,65 Overcorrection has its limits. It will create a dental crossbite on the contralateral side, which can lead to "occlusal disasters," especially in severe cases, 19, 71 meaning that patients are treated for one malocclusion by inducing another. 23 Chin asymmetry in hemifacial microsomia is not just a midline problem. Overcorrection will increase the abnormal form and position of bony and soft tissues, creating a secondary chin malformation. This would make a later genioplasty more difficult. 2, 20 Last but not least, overcorrection does not avoid reoperations. 51,56 -58 The failure of distractional and nondistractional interventions to correct facial asymmetry in hemifacial microsomia as a single-stage procedure supports the treatment protocols of those who postpone definitive reconstruction of the type I, IIa, and even IIb deformities until the permanent dentition phase. 43,46 -49 In type I and IIa deformities, presurgical orthodontics can prepare for a standard three-dimensional orthognathic correction, with the advantage of no need for bone grafts in the mandible. 43 In type IIb deformities, there is a need for positional correction, but joint reconstruction is not always desirable, because of possible fibrous ankylosis. If bone stock is limited for large and stable advancement, extra bone volume can be obtained with unidirectional corpus distraction, 1 year before the facial rotation surgery, or with interpositional bone grafting. 8, 51 Only in type III deformities is it necessary to reconstruct the temporomandibular joint in the mid-mixed dentition phase. 8, 43, 47 The extra bone stock gained from osteodistraction can allow for further distraction and for future osteotomies with traditional reconstructive techniques. The need for autogenous bone grafting during the definitive reconstructive procedure for these patients could be reduced or eliminated because of the additional bone from the original distraction osteogenesis. 51 However, this "interim" distraction can cause adverse effects, such as scarring, tooth bud injury, and velopharyngeal incompetence. 51, 59 Another unwanted phenomenon during distraction osteogenesis in patients with type IIb and III hemifacial microsomia is the posterosuperior movement of the proximal jaw segment. 60, 61 In these patients, the proximal segment is small and easier to move than the whole ipsilateral and contralateral mandibular complex, causing uncontrolled displacement and relapse of facial symmetry after removal of the distraction device. 60, 61 The psychosocial effects of early surgery in hemifacial microsomia have been discussed. 66 -70 Children with craniofacial anomalies have demonstrated psychosocial limitations. 66, 69 By correctVolume 124, Number 6 • Distraction for Hemifacial Microsomia ing the malformation, patients became more acceptable to society and to themselves, 66 resulting in an improvement in behavior. 67 Patients with symmetric craniofacial deformities were more depressed and had more behavioral problems than those with hemifacial microsomia. 68 Most hemifacial microsomia patients were still rated unattractive postsurgically, without improvement in self-esteem. 69 Hemifacial microsomia patients had more fear of hospital procedures than their unimpaired twin brothers. 70 Family background showed a stronger correlation with psychosocial coping mechanisms of hemifacial microsomia patients than surgical outcome. Patients were more anxious, depressed, and socially inadequate with highly stressed or overprotective parents. 69 These studies had small sample sizes 69, 70 and could only show that hemifacial microsomia was associated with an elevated risk for childhood psychosocial difficulties.
Mandibular elongation was claimed to progressively release the ipsilateral maxilla from the constricting effect of the mandible in hemifacial microsomia, spontaneously reestablishing a normal maxillary vertical dimension. 1, 25, 34 However, correction of maxillary asymmetry appears to be attributable to dentoalveolar adaptation (extrusion of molars, no real skeletal growth catch-up). 16, 17, 21 This phenomenon can only be enhanced with a bite plate to induce selective eruption of the molars. 22 Correction of the bimaxillary deformity in hemifacial microsomia has also been addressed by bimaxillary osteodistraction. [71] [72] [73] The hypoplastic maxilla can be distracted together with the mandible, performing a Le Fort I corticotomy at the time of the mandibular corticotomy by using rigid 72 or elastic 71 intermaxillary fixation or a maxillary distractor. 73 These distraction techniques have drawbacks in comparison with the conventional techniques of midfacial reconstruction. 43 Dentoalveolar compensation, even if stable, will only decrease occlusal canting and cannot correct three-dimensional midfacial deformity. Bimaxillary osteodistraction in type IIb and III deformities could correct vertical maxillary hypoplasia but fails to achieve orbitozygomatic reconstruction. 51 Surgical technique of a conventional Le Fort I type osteotomy and an osteotomy performed for distraction differs mainly in one aspect: there is only need for pterygomaxillary dysjunction on the affected side with distraction osteogenesis. This has a minor influence on morbidity. The claim that early distraction osteogenesis will improve maxillary deformity and will result in less surgery during the definitive facial rotation procedure is not justified, because there is no difference in surgical technique, morbidity, or hospital costs when the maxilla is rotated 2 or 8 mm.
Congenital micrognathia can narrow the oropharyngeal space with respiratory obstruction, especially in supine position. 74, 75 Distraction osteogenesis has been applied successfully in compromised airway management in pediatric patients. 76 -79 All the neonates requiring surgical intervention for respiratory distress were treated by bilateral mandibular distraction osteogenesis, 9,76 preventing tracheostomy in 91.3 percent of them. 9 Unilateral mandibular osteodistraction was applied successfully for obstructive sleep apnea syndrome in adult patients. 9 In modern health care, the cost aspects of an intervention are considered important. In this regard, osteodistraction in hemifacial microsomia is less recommended than definitive orthognathic facial rotation surgery (Table 8) .
If early osteodistraction remains the treatment of choice for hemifacial microsomia, one would have to accept that the procedure will have to be repeated. The subjective threshold for recognizing facial asymmetry is approximately 4 degrees. 14, 80 Relapse of more than 4 degrees appears approximately 2 years after distraction. 15, 21, 23 Thus, maintaining facial symmetry by means of osteodistraction in hemifacial microsomia until growth cessation would mean redistraction every 2 years, coined the yo-yo distraction approach. 
CONCLUSIONS
There were no randomized controlled trials performed on the effectiveness of single-stage early distraction osteogenesis in hemifacial microsomia. There was no standardization of the evaluation methods in long-term follow-up studies, and no results were published on stability after growth cessation. In conclusion, there is no convincing evidence supporting the effectiveness of early mandibular osteodistraction in hemifacial microsomia patients. Patients need be informed that additional distraction procedures or definitive secondary surgery at maturity most likely will be required. Bruges Cleft and Craniofacial Center AZ St. Jan av, Ruddershove 10 B-8000 Brugge, Belgium craniofacial@azbrugge.be
